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PERMISSIBLE ELECTRIC LAMPS FOR MINERS. 
By H. H. Crark. 


INTRODUCTION. 


Portable electric mine lamps have been used in the United States 
for at least 5 years and in Europe for nearly 15 years,* so that such 
lamps can not be considered as untried novelties. The last 12 months 
have been marked by more than usual activity in the development 
and use of such lamps; several new patterns have been put on the 
market; other patterns are being developed; old models have been 
improved; and much interest in the performance of the lamps has 
been shown by mine operators. Reports from mines where the 
lamps are being tried indicate that the men prefer portable electric 
lamps to safety lamps, and in at least one State the use of portable 
electric lamps in coal mines has been authorized by law. Therefore 
it seems reasonable to believe that the movement toward a general 
adoption of portable electric lamps, especially in gaseous mines, has 
begun and that the number in use will gradually increase. 

The Bureau of Mines has investigated a number of lamps submitted 
for the purpose of establishing their safety and has approved three of 
them for use in gaseous mines. The purpose of this paper is twofold: 
First, to describe the methods followed in testing the lamps for 
safety, and, second, to discuss other qualities that portable electric 
lamps should have in order to be acceptable for mine service. 

The author wishes to acknowledge his indebtedness to J. T. Jen- 
nings, electrical engineer of the Philadelphia & Reading Coal & Iron 
Co.; A. B. Kiser, superintendent of electrical equipment, Pittsburgh 
Coal Co.; the H. C. Frick Coal & Coke Co.; the Pittsburgh Coal Co.; 
the Pittsburgh-Buffalo Co.; and the Lehigh Coal & Navigation Co. 
for suggestions and information drawn from their experience with 
portable electric lamps in mines. 


SAFETY AS A FEATURE OF MINERS’ ELECTRIC LAMPS. 


To make an electric lamp acceptable for mine use, it must have a 
number of qualities. Chief among theso is safety. The reason why 
the Bureau of Mines advocates the use of portable electric lamps in 
mines is because fire and explosion hazards will be decreased thereby. 


@ Maurice, William, Miners’ electric lamps: Iron and Coal Trades Rev., vol. 86, Apr. 4, 1913, p. 538. 
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6 PERMISSIBLE ELECTRIC LAMPS FOR MINERS. 


Manifestly, therefore, the electric lamp itself must not be a source of 
danger. The bureau proved by actual test? that the glowing fila- 
ments of portable electric lamps are capable of igniting mine gas, 
but that flashes produced by equipments of not more than 6 volts 
are not capable of igniting mine gas, unless the equipments are 
larger than are likely to be used. When, therefore, the bureau 
decided to make tests to establish the permissibility of lamps for use 
in gaseous mines, flashes were dismissed as not being an element of 
danger, whereas safeguards were required for the glowing filaments. 

Schedule 5, which was issued to announce the bureau’s tests for 
safety, contained the following paragraph: 

“Permissible portable electric lamps shall be so designed and con- 
structed that under no circumstances can the bulb of a completely 
assembled lamp equipment be broken while the lamp filament is 
glowing at a temperature sufficient to ignite explosive mixtures of 
mine gas and air.” 

The schedule gives in detail the requirements of design, the char- 
acter of the tests to which the lamp is to be submitted, and the con- 
ditions under which the tests will be made. Beyond requiring that 
the mechanical construction of the lamps should be durable, no 
attempt was made to insure the capacity, efficiency, or practicability 
of the lamps tested, although lamps that were manifestly incomplete 
or inadequate for mine service were not accepted for test. Therefore 
it is clear that the bureau’s approval of a lamp as permissible under 
the conditions set forth in schedule 5 means that the bureau vouches | 
for the safety of the lamp but not for its light-giving capacity, time 
of burning, or expense and care required for maintenance. 


PERMISSIBLE TESTS. 


In response to the invitation contained in schedule 5, six lamps 
were submitted to the bureau for test. Three of these were not 
accepted for test, being rejected on account of their inadequate con- 
struction or their lack of safety devices. The other three lamps were 
tested, and after changes were made in some of them they were 
approved as permissible for use in gaseous mines. A description of 
the tests of these lamps may be of interest. 


PURPOSE OF PERMISSIBLE TESTS. 


It was the purpose of the tests to determine whether, under any con- 
ditions whatever, gas could become ignited from the glowing fila- 
ments of the lamps. The usual test procedure is stated below. 


eClark, H. H., Ignition of gas by miniature electric lamps with tungsten filaments, Technical Paper 
23, Bureau of Mines, 1912, 5 pp.; Portable electric mine lamps: Technical Paper 47, Bureau of Mines, 
1913, 13 pp. 
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TESTS OF THE CEAG LAMP. 7 
TEST PROCEDURE. 


When the lamps were first received they were carefully examined 
in order to determine what kind of a blow would be most likely to 
cause the safety devices to fail in the per- 
formance of their function. The most 
dangerous conditions being assumed, 
tests were made under these conditions 
to determine whether or not the safety 
devices would really prevent the fila- 
ment from igniting gas when the bulb 
was broken. Other tests were made to 
determine whether or not the safety 
devices were so constructed that they 
would give trouble by accidentally ex- 
tinguishing the lamp when there was no 
need of doing so, and finally tests were 
made to determine the mechanical 
strength of the battery and the battery 
casing. 


TESTS OF THE CEAG LAMP. 


The Ceag lamp (fig. 1) is constructed 
for hand service, and is the first lamp 
that was approved by the bureau as per- 
missible for use in gaseous mines. The 
safety feature of the lamp consists in sus- 
pending the lamp bulb @ between two 
spiral springs, b, c, in such a manner 
that whenever either the bulb or the 
glass dome d that surrounds it is broken, 
the electric circuit of the lamp will be 
interrupted. 

The preliminary examination of the 
lamp seemed to indicate that there were 
only three possible ways in which the 
lamp could ignite gas. First, both the 
glass dome and the bulb might be broken 
in such a way that the electric circuit 
would not be interrupted and the fila- 
ment would therefore continue to glow; 
second, the blow that broke the dome and 
the bulb might pin the bulb in place so 
that it could not release from the circuit even though the top spring 
were thrown out of position; and, third, even though the automatic 


N 
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Figure 1,—Ceag lamp. 
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devices operated perfectly when the lamp was broken, it was conceiv- 
able that they would not operate fast enough to interrupt the circuit 
before the gas became ignited. 

Twenty-five tests were made to determine whether or not the glass 
dome and the bulb could be broken without interrupting the electric 
circuit of the lamp. The lamps while lighted were placed one at a 
time within a sheet-iron box 18 by 18 by 24 inches, filled with the 
most explosive mixture of Pittsburgh natural gas*® and air, and 
provided with observation windows through which the phenomena 
occurring within the box could be readily seen. The lamps were 
tested by driving against the glass dome of the lamp a tool shaped 
like a pick point. The blows thus administered were sufficient to 
shatter both the glass dome and the lamp bulb, but in 40 per cent of 
the trials the filament was not injured, a fact that demonstrates both 
the remarkable strength of the filaments and the necessity of safety 
devices. The safety devices with which the lamp was provided 
operated perfectly in each of the 25 tests, as evidenced by the fact that 
the electric circuit of the lamp was interrupted and that the gas-and- 
air mixture was not ignited. 

Eight tests were made to determine whether or not a blow from the 
pick-pointed tool could jam the safety devices so that they could not 
act properly. These tests were similar to the previous ones, with the 
exception that the blow of the testing tool was directed against the 
reflector e (fig. 1) in an attempt to jam it against the lamp socket g. 
The safety devices were prevented from acting in four of the eight 
trials, but in none of these trials was the lamp bulb broken. More- 
over, each failure of the safety devices to act was due to the fact that 
the lamp and testing tool were held in rigid relation to one another and 
remained jammed together after the blow was delivered. Such a 
condition could scarcely exist in a mine, and therefore these failures 
would probably have not been counted as such even if the lamp bulb 
had been broken. The fact that the lamp bulb was not injured made 
it unnecessary for the safety devices to act, and as they did act 
whenever their services were clearly required, their performance was 
regarded as satisfactory. 

Thirteen tests were made to determine whether or not the safety 
devices acted quickly enough to prevent the filament from igniting 
gas while the devices were in operation. The conditions surrounding 
these tests differed from those of previous tests in the following 
particulars only: 

The glass dome was not used and the blow of the testing tool was 
directed against the lamp bulb. A wooden block was wedged 
between the top of the lamp frame / (fig. 1) and the top spring 6, so 
that the top spring was held in its usual position. 


a The approximate composition of this gas is $2 per cent methane, 16.4 per cent ethane, 1.5 per cent nitro 
gen, and a trace of carbon dioxide. 
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In 6 of the 10 tests made the lamp filament was not injured and in 
none of the tests was the gas ignited. It was therefore concluded that 
the operation of the protective devices was sufficiently rapid to 
prevent gas ignition. 

Fifteen tests were made on the Ceag lamp to determine its general 
durability and the possibility of the safety devices acting when such 
action was not necessary or desirable. These tests consisted in drop- 
ping the lamp 15 times upon a concrete floor from a point 6 feet 
above the floor. The initial position of the lamp was varied so that 
different parts of the lamp came in contact with the floor. The lamp 
was extinguished in 3 of the 15 trials. In each instance the jar of the 
blow shattered the glass dome and thus caused the safety devices to 
act. The lamp was dropped 5 times before the battery was injured 
at all and 12 times before a permanent leak was made in the battery 
jar. After the lamp had been dropped 15 times, it continued to burn 
for 16 hours before going out entirely. 

In view of the results of the tests reported above the bureau issued 
to the Mannesmann Light Co. of America its approval No. 1, approv- 
ing the Ceag lamp as permissible for use as a hand lamp in gaseous 
mines. This approval covers only the quality of safety as already 


stated. 
TESTS OF THE HIRSCH LAMP. 


The Hirsch lamp (fig. 2) is designed for cap service, and was the 
second approved by the bureau as permissible for use in gaseous mines. 
The safety devices with which this lamp is equipped are mounted in 
the headpiece and consist of an open-circuiting device that protects 
the lamp against blows from the front, and a short-circuiting device 
that protects the lamp against blows from the side. The open-cir- 
cuiting device is operated by the breaking of a slip of window glass, a, 
that is mounted directly across the inner surface of the bull’s-eye glass, 
b, with which the lamp is provided. The breaking of this slip of glass 
releases a spring, c, that interrupts the electric circuit of the lamp. 
The short-circuiting of the lamp is accomplished as follows: The 
headpiece is made up of three concentric shells, d, e, f, separated by 
narrow spaces. The outer and inner shell are connected to the posi- 
tive pole of the battery and the intermediate shell is attached to the 
negative pole. These shells, of course, completely surround the lamp 
bulb g, and the theory of the safety device is that the bulb can not be 
broken without so jamming these shells together that they will short- 
circuit the battery and thus extinguish the filament before it can 
ignite gas. 

Forty-five tests were made upon this headpiece by striking it with 
the following tools: A hammer, a wooden mallet, a tool shaped like 
a miner’s pick, a piece of iron pipe, and a wooden club. Some of these 
tests were made while the headpiece was rigidly supported in various 

25869°—14——2 
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ways and others were made while the headpiece was swinging from 
the end of its cord. The blows were struck with sufficient force to 
crush the headpieces, to shatter the glass in almost every trial, and to 
punch holes completely through the shells, but every time that the 
lamp bulb was broken the safety devices extinguished the filament. 
In some of the tests the lamp was protected by the circuit breaker 
and in others by the short-circuiting device. 

These tests were not made in gas. The extinction of the filament 
was taken as the measure of safety, since the filament, if extinguished 
at all, is extinguished before the lamp bulb is broken because the blow 
that breaks the bulb must first destroy the slip of glass@ or jam 
the shells d, e, f. As a matter of fact, the bulb was broken in 
only 7 of the 45 tests made, 
although one or the other 
of the safety devices acted 
in each test. 

In order to find out 
whether or not the safety 
devices would extinguish 
the lamp unnecessarily, the 
headpiece and its cord were 
dropped 10 times upon a 
concrete floor from a point 
6 feet above the floor. 
The safety devices acted 
in only one test, and the 
action was considered to be 
necessary, as the blow that 
tripped the circuit breaker 
also shattered the outer glass of the headpiece. These tests there- 
fore seemed to prove that the safety devices are so designed that they 
will not cause the lamp to become extinguished unless it is desir- 
able that it shall be extinguished. This lamp was designed to be 
interchangeable for cap service and hand service, but its construction 
was not considered strong enough for hand service and so it 
was approved for cap service only. The battery of a cap lamp is 
strapped to the body of the wearer and therefore is not so liable to 
injury as if carried in the hand and frequently set down or thrown 
about. As the nature of cap service is less severe than hand 
service, the dropping tests were made to correspond. Hand lamps 
are tested by being dropped on a concrete floor from a point 6 feet 
above the floor and the headpieces of cap lamps are tested in the 
same manner, but the batteries of cap lamps are dropped on a wooden 
floor from a point 3 feet above it. The Hirsch battery was dropped 
only twice before the battery jar was cracked, but the lamp still gave 
its full amount of light after the battery had been dropped 10 times. 


iis 
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Figure 2.—Ifirsch lamp. 
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In view of the results of the tests reported above the bureau issued 
to the Hirsch Electric Mine Lamp Co. its approval No. 2, approving 
the Hirsch lamp as permissible for use as a cap lamp in gaseous mines. 
The hand-lamp feature of the Hirsch equipment was disapproved. 


TESTS OF THE WICO LAMP. 


The Wico lamp (fig. 3) is designed for cap service, and was the third 
lamp approved by the bureau as permissible for use in gascous mines. 
The safety feature of this lamp consists in so mounting the bulb 6 
that it is held in its socket ¢ by a wire stirrup, a, against the pressure 
of springs within the socket that act to eject the bulb should the 
stirrup be removed or the bulb broken. The tests made on this lamp 
were similar to those made on the Ceag lamp, because the principle of 
the protective devices was the same. 

Fifty tests of the headpiece were made. Ten tests were made by 
mounting headpieces in the gas-testing box and smashing the lamp 


FIGURE 3.—Wico lamp. 


bulbs with a pick-pointed testing tool. In these tests the outer glass 
was removed and the blow directed against the naked bulb in order 
to determine whether or not the ejecting spring acted with sufficient 
speed to break the circuit before the gas could become ignited. The 
device acted perfectly in the 10 tests made. Ten similar tests were 
then made with the outer glass in position, and 10 more tests were 
made with the blow directed against the socket tube. Ten tests were 
then made outside the gas-testing gallery by striking the headpiece 
with a mallet, a club, and a piece of iron pipe. These last 10 tests 
were made largely to determine the mechanical strength of the various 
parts of the headpiece. In none of the tests did the safety devices 
fail to exercise their safeguarding function. Finally, 10 tests were 
made by dropping the headpiece and its cord on a concrete floor from 
a point 6 feet above the floor. The safety device did not act in any 
of these tests, which therefore proved that a casual jar will not 
extinguish the lamp. 
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The lamp being designed for cap service only, the dropping tests 
on the battery were made by dropping it on a wooden floor from a 
point 3 feet above the floor. Ten dropping tests were made alto- 
gether. The battery jar did not develop a crack until it had been 
dropped eight times. After the completion of the dropping tests, the 
battery operated the lamp for 16 hours at practically full brilliancy. 

In view of the results of the tests reported above, the bureau issued 
to the Witherbee Igniter Co. its approval No. 3, approving the Wico 
lamp for use as a cap lamp in gaseous mines. 


QUALITIES OTHER THAN SAFETY. 


The quality of safety, the most important attribute of the portable 
electric lamp, has already been discussed, but other qualities are 
desirable. The Bureau of Mines considers that a safe electric lamp 
is really a safety device whose universal adoption, in connection 
with a proper number of cil safety lamps for gas testing, will make 
coal-mining conditions safer by reducing the fire and explosion hazards 
and by making easier the detection of bad roof. The bureau is there- 
fore interested in the development of lamps that shall be not only 
safe but also otherwise fully suited to the requirements of mining 
service. 

A widespread knowledge of the qualities of any new apparatus or 
device is essential to its suecessful introduction anywhere. In the 
early days of the manufacture of any article the manufacturer states 
the qualities of his product and the user can take it or leave it, as he 
chooses. As manufacture develops the user can pick and chocse, 
and finally a time arrives when the user states precisely what qual- 
ities he requires. Not until this period is reached can an apparatus 
or device be considered as fully developed. 

The user of a device is the logical one to specify its qualities. If 
the user is obliged to adapt his actions, operations, or equipment to 
the limitations of the manufacturer, the product of such a manu- 
facturer is not practicable in the fullest sense of the word. The 
measure of practicability is the ability of the manufacturer to com- 
pletely satisfy the requirements of the user. Before the manufac- 
turer can undertake to fulfill his part of the contract the user of 
portable electric lamps must clearly define what he requires; there- 
fore the determination of the necessary qualitics of portable electric 
mine lamps is the first step in considering their use. 

The bureau is at present seeking to aid the development of portable 
electric lamps by analyzing the qualities that such lamps should 
possess and suggesting a specification or definition of what these 
qualities should be. Of course different opinions will be held as to 
the merit and desirability of this or that particular quality, but 
probably all ean agree upon the main heads under which the various 
opinions can be grouped. 
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The first requisite of a lamp is the production of light, and for 
mining service a lamp should burn steadily and with undimmed 
brilliancy for a certain number of hours of every day in the year. 

The next requisite is lightness; that is, a lamp should not weigh 
so much that it hampers a man’s movements or becomes a burden 
to him. 

The next requisite is a cost of operation and maintenance con- 
sistent with the work done and the benefits received. 

There is another important requisite that is so well recognized as 
not to require discussion, and that is the prevention of the leaking 
or spilling of electrolyte while a lamp is in use. If it be assumed that 
this last-mentioned requirement does not need further considera- 
tion, the qualifications of portable clectric lamps can be grouped 
under the three main heads, as follows: Weight, cost, and capacity. 


WEIGHT. 


The weight of a lamp can be easily ascertained and each prospective 
user of a lamp must decide for himself whether or not the weight is 
excessive. 

cost. 


Under the head of cost should be included the first cost of the 
equipment as well as all proper charges for operating and maintaining 
thelamp. Some of these charges will vary with each installation, and 
whether or not the cost is excessive will depend somewhat upon the 
conditions that surround each case. Cost must also be considered 
in the light of benefits received. A high-priced lamp is not an ex- 
travagance if the qualities that add to the cost can be utilized. On 
the other hand, a low-priced lamp that gives unsatisfactory service is 
a very poor investment. 


CAPACITY. 


The capacity of a lamp is taken to mean the lamp’s ability to pro- 
duce the proper amount of light for the proper number of hours 
a day every day in the year. A lamp that can do this with the 
fewest interruptions has the greatest capacity for performing its 
intended duty. The capacity of a lamp as thus defined takes into 
consideration not only the ampere-hour capacity of the battery and 
the efficiency of the lamp bulb, but also the life of battery plates, the 
mechanical strength of parts, and the resistance to wear and tear. 


REQUIREMENTS AFFECTING CAPACITY. 


The considerations that limit the capacity of lamps, as defined 
above, are as follows: The proper amount of light, the proper time of 
burning each day, and freedom from interruptions of service. 
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14 PERMISSIBLE ELECTRIC LAMPS FOR MINERS. 
PROPER AMOUNT OF LIGHT. 


A true measure of the illuminating power of a portable electric 
lamp must consider not only the intensity of the light, or candle- 
power, but also the solid angle over which the intensity is maintained. 
An intensity of 1 candlepower maintained all around a lamp results 
in twice as much light as the same intensity maintained only half 
way around the lamp. The term “flux” is used by illuminating engi- 
neers to designate the product of the intensity and the solid angle of 
illumination, because this product represents the light that flows out of 
alamp. The unit of flux is called a lumen and is about eight one- 
hundredths of the total flux of light produced by a source of 1 spherical 
candlepower. 

The term candlepower used without qualification is not only con- 
fusing but meaningless. If all sources of light distributed light 
equally in all directions, then a single measurement of their candle- 
power would suffice to compare them. Practically, however, sources 
of light differ a great deal in the way they distribute light, and this is 
especially true if reflectors are used. Therefore, if a lamp is said to 
give 2 candlepower the statement should explain what is meant, 
whether ‘‘head-on” candlepower, or average candlepower over the 
stream of light, or average candlepower in a given plane, for instance, 
the horizontal. A lamp that uses a reflector may have a “head-on” 
candlepower three to ten times the average candlepower over its 
entire stream of light. Generally it is best to state the average can- 
dlepower of a lamp instead of the candlepower at a single point or 
group of points. 

A statement of the candlepower of a lamp does not sufficiently de- 
fine its light-giving capacity. A 100-candlepower lamp is seemingly 
33 times as desirable as a 3-candlepower lamp, and yet a 100-candle- 
power lamp shining through a hole one-half inch in diameter gives less 
actual light and much less useful light than a 3-candlepower lamp 
shining through a hole 3 inches in diameter. Therefore, in order 
properly to define the light-giving capacity of a lamp a statement 
must be made regarding both the eandlepower and the total flux of 
light (or lumens) produced by the lamp. 


LOWER LIMITS FOR INTENSITY AND QUANTITY. 


The selection of proper lower limits of intensity of light and of 
flux of light is, aside from safety, the most important thing in the 
consideration of portable electric lamps. Without these standards 
of reference accurate and intelligent comparison of lamps is not pos- 
sible. In an attempt to establish such lower limits the bureau 
searched for standards that should be fair, not too low nor arbi- 
trarily selected, and should bear an easily recognized relation to 
something already in use. 
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It was finally decided to prepare a standard Wolf safety lamp, as 
representing a type of modern safety lamp extensively used in gas- 
cous mines in this country, to give its best performance and, after 
the flame height had been adjusted to 1 inch, to measure the average in- 
tensity of the stream of light and also the total flux of light in the 
stream. Thiswas done at two different times, different lamps, prepared 
by different men, being used and tested with different instruments of 
different types. The first measurements were made by Dr. L. O. 
Grondhal, of the Carnegie Institute of Technology, and the second 
measurements were made by the author of this paper. The results 
of the two tests checked within a few per cent. 

The lamp used was a Wolf miner’s safety lamp, 1907 model, round 
burner, burning naphtha having a spécific gravity of 0.693 to 0.70, 
and prepared and trimmed in accordance with the standard practice 
‘of the Bureau of Mines. The average intensity of light stream as 
determined by these tests was a trifle under 0.4 candlepower and the 
total flux of light was found to be not quite 3 lumens. 

The bureau therefore concluded that a satisfactory lower limit of 
flux of light for hand lamps would be 3 lumens and a satisfactory 
lower limit of average intensity would be of 0.4 candlepower. 

The bureau suggests that lamps designed to be worn upon the cap 
should give the same intensity of light as that required for hand lamps, 
but that the minimum flux of light required from cap lamps should be 
not more than half the minimum demanded from hand lamps, because 
when a lamp is worn upon the head any light that is thrown to the 
rear is wasted. If the equivalent of a safety lamp were mounted 
upon a man’s head one-half of its light would fall behind the man 
and thus could not be used. Therefore the bureau concluded that 1.5 
lumens would be a satisfactory lower limit for the flux of light pro- 
duced by a cap lamp. 


PROPER TIME OF BURNING EACH DAY. 


Twelve hours was sclected by the bureau as a reasonable time of 
burning. This length of time was sclected after consultation with 
people within and outside of the bureau, who were competent to 
express an opinion in regard to the subject. 

The necessary daily time of burning of a lamp will not be every- 
where the same, but when everything is considered, 12 hours does 
not seem to be unduly long. A lamp should be able to give the 
required light up to the time when the exhausted condition of the 
battery requires that the discharge be stopped in order not to impair 
the battery. Therefore, at least an hour of burning should be allowed 
over and above the usual requirements of the miner in order not to 
push the battery too hard in an emergency and to allow for possible 
incomplete charging. 
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INTERRUPTIONS OF SERVICE. 


The only interruptions of service that can be regarded as reason- 
able are those incident to the renewal of such parts of the equipment 
as have an admittedly limited life, such as electrolyte, lamp bulbs, 
and battery plates. The interruptions incident to changes of elec- 
trolyte need not seriously interfere with the service of the lamp and 
it hardly seems necessary or desirable to place a limit on the fre- 
quency of such interruptions. Failure of lamp bulbs will not cause 
an appreciable interruption of service if the bulbs are changed when 
they grow dim without waiting until the filaments burn out alto- 
gether. The bureau believes that it is not unreasonable to require 
300 hours of actual service from each lamp bulb used with primary 
batteries or with acid storage batteries, and 200 hours from lamp 
bulbs used with alkaline storage batteries. 

The most serious of the allowable interruptions of service will be 
caused by the failure of the battery plates. The bureau believes 
that it is not unreasonable to require of each battery plate of 
acid storage batterics the equivalent of 3,600 hours of actual service 
in 12-hour shifts, the service to be completed within one year from 
date of beginning, and of each plate of alkaline storage batteries 
7,200 hours of actual service, to be completed within two years from 
date of beginning. 

Interruptions in the service of cap lamps are also to be expected 
from the failure of the cord that connects the battery with the head- 
piece. Although a reasonable time-of-service requirement can be 
placed upon this part of the equipment, there is no way other than 
actual service to determine whether or not a cord meets the require- 
ment. That is, any tests would have to be arbitrary and might or 
might not be too severe. 

Interruptions of service other than those just mentioned may be 
regarded as unreasonable and as reflecting upon the design and con- 
struction of the lamp equipment. Among such interruptions may 
be mentioned those resulting from failures of terminals and leads, 
battery jars, battery casings, and contacts, as well as any failure 
of bulbs or plates before their specified time of service has expired. 


EFFECT OF REASONABLE INTERRUPTIONS UPON COST OF MAINTENANCE, 
It is manifest that every time a lamp bulb, a battery plate, or a 
cord is renewed, the cost of maintenance is increased. Therefore, 


as regards both cost and service, it is desirable that even reasonable 
interruptions of service should be as few as possible. 


SPECIFICATIONS SUGGESTED BY THE BUREAU OF MINES FOR 
PORTABLE ELECTRIC MINE LAMPS. 


The following specifications for the minimum performance of port- 
able electric mine lamps are offered by the bureau for discussion 
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and criticism. The specifications consist of a statement of a lower 
limit to the value of each of 11 qualifications that the bureau believes 
should be considered in selecting a portable electric mine lamp. 

The values stated are the least suggested for the items against 
which they are written. As regards item 5, not more than 5 per 
cent of the bulbs are to have less than 250 hours’ life when used with 
primary batteries and acid storage batteries, nor less than 170 hours’ 
life when used with alkaline storage batteries. 


Suggested specifications for miners’ portable electric lamp. 


Ts*Satletys ven casssces- 8s oo8 sas ce eed Hasse Megs eRe ESS percent.. 100 
2. Intensity of light at all times...................0.2.-22-+-- candlepower.. 0.4 
3. Flux of light at all times: 
Por hand lamipss<2cass2s2pst ecereprinsegsanowe yh bens ey stian ss lumens.. 3.0 
For cap lamps......... Aa wich decides euaumaceanese dean deawoee do.... 1.5 
4. Time of burning per charge. .........--. 22-22-2222. eee eee eee hours. . 12 
5. Average life of bulbs: 
For primary batteries and acid storage batteries............. hours.. 300 
For alkaline storage batteries ...........2.-.-20.2eeee eee eeeee do.... 200 
6. Variation in current consumption of bulbs. .....- per cent above average. . 10 
7. Variation in candlepower of bulbs.............- per cent below average. . 15 
8. Average life of batteries: 
For primary batteries and acid storage batteries............-. hours.. 3,600 
For alkaline storage batteries ............-..2.2----02-e02e005 do.... 7,200 
9. Distribution of light. (See page 18.) 
10: <Anple oF relléctors cuca coisewewdesas cases otiseecatenemee aad degrees... 130 
11. Mechanical and electrical construction.............2..2...22--2+205- First class. 


EXPLANATION OF THE SPECIFICATIONS. 
SAFETY, 


This requirement is intended to cover freedom from risk of igniting 
gas and from premature extinction. The bureau believes that lamps 
that have passed the bureau’s tests and have been approved as per- 
missible for use in gaseous mines will satisfy the requirements of 


safety. 
INTENSITY OF LIGHT, 


The reasons for selecting this minimum value have already been 
given in this paper. The figure is taken to mean the least value of 
the mean candlepower of light stream that a lamp should produce at 


any time. 
FLUX OF LIGHT. 


The reasons for selecting these minimum values have been pre- 
viously stated in this paper. These are taken to mean the least 
values of the total flux of light produced by a lamp at any time; 
provided that in the case of cap lamps having a solid angle of light 
stream of more than 180° the amount of light shall be increased in 
proportion to the increase in the cross section of the light stream. 
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TIME OF BURNING. 


The time of burning as stated here is taken to mean the time 
during which the discharge voltage exceeds the lower limit established 
by the manufacturers, and the lamp is producing not less than the 
specified flux of light at a mean intensity of light stream not less than 


0.4 candlepower. 
DISTRIBUTION OF LIGHT. 


Any requirement as to the distribution of light will of course apply 
only to lamps that use reflectors of some kind. In the table no value 
is given to this qualification because an intelligible statement requires 
considerable space. It is clearly desirable to have a uniform distri- 
bution of light, and yet perfect distribution would entail unwarranted 
expense. The following requirements are suggested as reasonable 
and sufficient to preclude annoyingly uneven or inefficient distribu- 
tion: 

The distribution of light shall be determined both by observation 
and by photometric measurement. 

The lamp shall be placed 20 inches away from a plane surface that 
is perpendicular to the axis of the light stream of the lamp. Whenso 
placed the lamp shall illuminate a circular area not less than 7 feet in 
diameter. All observations and measurements of distribution shall 
be referred to this 7-foot circle, regardless of how large an area the 
lamp may illuminate. 

As observed with the eye there shall be no ‘‘black spots” within 
the 7-foot circle nor any sharply contrasting areas of bright and faint 
illumination anywhere. As measured photometrically the distribu- 
tion of light diametrically across the circle shall fulfill the following 
requirements: 

The average illumination (in foot-candles) on the best-illuminated 
one-tenth of the diameter shall be not more than twice the average 
illumination throughout the diameter, and for at least 50 per cent 
of the diameter the illumination shall be not less than the average. 


REFLECTOR ANGLE. 


The term reflector angle refers, of course, to the solid angle of the 
stream of light. A reflector whose cone of light has an angle of 130° 
will illuminate a circle about 7 feet in diameter placed 20 inches away 
from the lamp. 


MECHANICAL AND ELECTRICAL CONSTRUCTION. 


It is not necessary to suggest to mining men that anything for use 
underground should be well made. Under the head of construction 
should be considered simplicity of design, strength of parts and fas- 
tenings, design of moving and removable parts, and design and con- 
struction of electrical circuits and contacts. 
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PUBLICATIONS ON MINE ACCIDENTS AND METHODS OF MINING. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C. 


BuLieETIN 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34pp., d5pls., 4 figs. 

Bcuietin 17. A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Nall. 61 pp., 10 pls., 12 figs. Reprint of United States Geological Survey Bulletin 
423. 

Butietin 20. The explosibility of coal dust, by G. 8. Rice, with chapters by 
J.C. W. Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls., 28 figs. 
Reprint of United States Geological Survey Bulletin 425. 

Bu.ueTin 42. The sampling and examination of mine gases and natural gas, by 
G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

Buuuetin 45. Sand available for filling mine workings in the Northern Anthracite 
Coal Basin of Pennsylvania, by N. H. Darton. 1913. 33 pp., 8 pls., 5 figs. 

Butietin 46. An investigation of explosion-proof mine motors, by H. II. Clark. 
1912. 44 pp., 6 pls., 14 figs. 

Butietin 48. The selection of explosives used in engineering and mining operations, 
by Clarence Hall and 8. P. Howell. 1913. 50 pp., 3 pls., 7 figs. 

Bo.retin 50. A laboratory study of the inflammability of coal dust, by J. C. W. 
Frazer, E. J. Hoffman, and L. A. Scholl, jr. 1913. 60 pp., 95 figs. 

Bu.uetin 52. Ignition of mine gases by the filaments of incandescent electric 
lamps, by H. H. Clark and L. C, Ilsley. 1913. 31 pp., 6 pls., 2 figs. 

Bu.ietin 53. Mining and treatment of kaolin and feldspar in the southern Ap- 
palachian region, by A. 8. Watts. 1913. 170 pp., 16 pls., 12 figs. 

Buiietin 56. First series of coal-dust explosion tests in the experimental mine, 
by G.S. Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1913. 115 pp., 12 pls., 
28 figs. 

BuLietin 60. Hydraulic mine filling; its use in the Pennsylvania anthracite fields; 
a preliminary report, by Charles Enzian. 1913. 77 pp., 3 pls., 12 figs. 

Buiietin 61. Abstract of current decisions on mines and mining, October, 1912, 
to March, 1913, by J. W. Thompson, 1913. 82 pp. 

BuuLetin 62. National mine-rescue and first-aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by IT. M. Wilson. 1913. 74 pp. 

Butetin 68. Electric switches for use in gaseous mines, by H.H. Clark and R. 
W. Crocker. 1913. 40 pp., 6 pls. 

BuLuetTin 69. Coal-mine accidents in the United States and foreign countries, com- 
piled by F. W. Horton. 1913. 102 pp., 3 pls., 40 figs. 

TecunicaL Paper 4. The electrical section of the Bureau of Mines, its purpose 
and equipment, by H. H. Clark. 1911. 12 pp. 

TrecunicaL Paper 6. The rate of burning of fuse as influenced by temperature and 
pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TecHNICAL Paper 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and 8. P. Howell. 1912. 19 pp. 

TECHNICAL PaPer 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TEcHNICAL Paper 13. Gas analysis as an aid in fighting mine fires, by G. A. Burrell 
and F. M. Seibert. 1912. 16 pp., 1 fig. 
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TecHnicaL Parer 14. Apparatus for gas-analysis laboratories at coal mines, by 
G. A. Burrell and F. M. Seibert. 1913. -24 pp., 7 figs. 

TecHnicaL Paper 15. An electrolytic method of preventing corrosion of iron and 
steel, by J. K. Clement and L. V. Walker. 1913. 19 pp., 10 figs. 

TecHNICAL Paper 17. The effect of stemming on the efficiency of explosives, by 
W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 

TecuNicaL Paver 18. Magazines and thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34 pp., 1 pl. 5 figs. 

TECHNICAL Paper 19. The factor of safety in mine electrical installations, by 
H. H. Clark. 1912. 14 pp.. 

TECHNICAL Paver 21. The prevention of mine explosions; report and recommenda- 
tions, by Victor Watteyne, Carl Meissner, and Arthur Desborough. 12 pp. Reprint 
of United States Geological Survey Bulletin 369. 

TecHNIcAL Parer 22. Electrical symbols for mine maps, by H. H. Clark. 1912. 
11 pp., 8 figs. 

TecuNIcaL Parer 24. Mine fires, a preliminary study, by G.S. Rice. 1912. 51 pp., 
1 fig. 

TecunicaL Paper 29. Training with mine-rescue breathing apparatus, by J. W. 
Paul. 1912. 16 pp. 

TECHNICAL Parer 30. Mine-accident prevention at Lake Superior iron mines, by 
D. E. Woodbridge. 1913. 38 pp., 9 figs. 

TecunicaL Paper 32. The cementing process of excluding water from oil wells, 
as practiced in California, by Ralph Arnold and V. R. Garfias. 1913. 12 pp., 1 fig. 

TecunicaL Paper 39. The inflammable gases in mine air, by G. A. Burrell and 
F. M. Seibert. 1913. 24 pp., 2 figs. 

TecuNicaL Paper 40. Metal-mine accidents in the United States during the cal- 
endar year 1911, compiled by A. H. Fay. 1913. 54 pp. 

TrcHNicaL Parer 41. Mining and treatment of lead and zinc ores in the Joplin 
district, Mo.; a preliminary report, by C. A. Wright. 1913. 43 pp., 5 figs. 

TecunicaL Paver 42. The prevention of waste of oil and gas from flowing wells 
in California, with a discussion of special methods used by J. A. Pollard, by Ralph 
Arnold and VY. R. Garfias. 1913. 15 pp., 2 pls., 4 figs. 

TecunicaL Parer 43. The influence of inert gases on inflammable gaseous mixtures, 
by J. K. Clement. 1913. 24 pp., 1 pl. 8 figs. 

TeEcHNICAL Paper 44. Safety electric switches for mines, by H. H. Clark. 1913. 
8 pp. 

TecHNicaL Parer 46. Quarry accidents in the United States during the calendar 
year 1911, compiled by A. H. Fay. 1913. 32 pp. 

TecunicaL Paper 47, Portable electric mine lamps, by H. H. Clark. 1913. 13 pp. 

TEcHNICAL Parer 48, Coal-mine accidents in the United States, 1896-1912, with 
monthly statistics for 1912, compiled by F. W. Horton. 1913. 74 pp., 10 figs. 

TrecHNICAL Paper 52. Permissible explosives tested prior to March 1, 1913, by 
Clarence Hall. 1913. 11 pp. 

Tecunicat Paper 56, Notes on the prevention of gas or dust explosions in coal 
mines, by G.S. Rice. 1913. 24 pp. 

TecunicaL Paper 58. The action of acid mine water on the insulation of electric 
conductors; a preliminary report, by H. H. Clark and L.C. Isley. 1913. 26 pp., 1 fig. 

TecnnicaL Paver 59. Fires in the Lake Superior iron mines, by Edwin Higgins. 
1913. 34 pp., 2 pls. 

TecunicaL Paver 61. Mctal-mine accidents in the United States during the cal- 
endar year 1912, compiled by A. H. Fay. 1913. 76 pp., 1 fig. 

Tecunicat Parer 71, Permissible explosives tested prior to January 1, 1914, by 
Clarence Hall. 1914. 12 pp. 

Miners’ Circurar 3. Coal-dust explosions, by G. 8. Rice. 1911. 22 pp. 
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Miners’ Circutar 4. The use and care of mine-rescue breathing apparatus, by 
J. W. Paul. 1911. 24 pp., 5 figs. ? 

Miners’ CircuLar 6. Permissible explosives tested prior to January 1, 1912, and 
precautions to be taken in their use, by Clarence Hall. 1912. 20 pp. 

Miners’ Circutar 7. The use and misuse of explosives in coal mining, by J. J. 
Rutledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 

Miners’ Crrcurar 9. Accidents from falls of roof and coal, by G. S. Rice. 1912. 


16 pp. 

Miners’ Crrcunar 10. Mine fires and how to fight them, by J. W. Paul. 1912. 
14 pp. 

Miners’ Crrcutar 11. Accidents from mine cars and locomotives, by L. M. Jones. 
1912. 16 pp. 


Miners’ Circunar 12. The use and care of miners’ safety lamps, by J. W. Paul. 


1913. 16 pp., 4 figs. 
Miners’ Circutar 13. Safety in tunneling, by D. W. Brunton and J. A. Davis. 


1913. 19 pp. 
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